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GENERAL-AVIATION PILOT REACTIONS TO AND OPINIONB 

ON 

GROOVED -RUNWAYS 

By George E .  C r a n s t o n  

FLIGHT SAFETY FOUNDATION 

SUMMARY 

A s u r v e y  and a n a l y s i s  s t u d y  of g e n e r a J - a v i a t i o n  p i l o t  
r e a c t i o n  t o  and o p i n i o n s  on grooved runwa-ys w a s  conducted  by  
t h e  F l i g h t  S a f e t y  Foundat ion .  A t  the  t i m e  t h e  s u r v e y  w a s  per-  
formed, there were f o u r  commercia.1 a i r p o r t s  i n  t he  c o n t i n e n t a , l  
Uni ted  States t h a t  had a t  l e a s t  one grooved runway. P e r s o n a l  
i n t e r v i e w s  were conducted  between g e n e r a J - a v i a t i o n  p i l o t s  and 
a v i a t i o n  s a f e t y  s p e c i a l i s t s  a t  these s i tes  by u s i n g  a p r e p a r e d  
q u e s t i o n n a i r e  t o  o b t a i n  t h e  data d i s c u s s e d  i n  t h i s  p a p e r .  The 
r e s u l t s  of t h e  s u r v e y  and s t u d y  show t h a t  the g roov ing  of runwa.ys 
h a s  a pronounced b e n e f i c i a l  effect  and p r o v i d e s  increased s a f e t y  
fo r  h igh-speed  g e n e r a l - a v i a t i o n  a , i r c r a f t  o p e r a t i o n s  by  t h e  
r e d u c t i o n  of hydrop lan ing  and i n c r e a s i n g  b r a k i n g  a c t i o n  d u r i n g  
w e t  runway c o n d i t i o n s .  P i l o t s  o p e r a t i n g  l i g h t ,  low-speed a i r -  
c r a f t  d i d  n o t  g e n e r a l l y  r e a l i z e  these b e n e f i t s  a s  t h e  runway 
l e n g t h s  a.nd wid ths  a t  these a i r p o r t s  f a r  exceeded  t h e i r  opera-  
t i o n a l  r e q u i r e m e n t s  under  a l l  a n t i c i p a t e d  c i r c u m s t a n c e s  invo lved  
w i t h  t h i s  problem. 

The F l i g h t  Sa . fe ty  Founda.t ion (FSF) conducted  a s u r v e y  
a n a l y s i s  s t u d y  (under  NASA C o n t r a c t  N o .  NAS1-8668)  t o  de te rmine  
t h e  r e a c t i o n s  and o p i n i o n s  of g e n e r a l - a , v i a t i o n  p i l o t s  t o  grooved 
runways.  A t o t a l  of 1444 p e r s o n s  were c o n t a c t e d  - 1404 p i l o t s ,  
36 FAA a i r p o r t  a i r  t ra f f ic  c o n t r o l l e r s ,  and a i r p o r t  managers .  
Of  t h e  1404 p i l o t s ,  700 of them gave i n s u f f i c i e n t  i n f o r m a t i o n  
t o  be used  i n  t h i s  su rvey .  T h i s  paper  is  a r e p o r t  on t h e  r e s u l t s  
of t h i s  s u r v e y .  The t e r m  "genera.1 a v i a t i o n "  c o v e r s  a l l  f l i g h t  
o p e r a t i o n s  and a c t i v i t i e s  e x c e p t  those conducted  by schedu led  
a i r  carriers a.nd t h e  m i l i t a r y .  A t  t h e  t i m e  of t h i s  s u r v e y  there 
w e r e  f o u r  major c i v i l  a i r p o r t s  that  had one or more grooved 
runways.  These a i r p o r t s  w e r e  John  F. Kennedy ( J F K )  I n t e r n a t i o n a l ,  
Washington N a t i o n a l ,  Chicago Midway, and Kansas  C i t y  Munic ipa l .  
The d i v e r s e  groove d e s i g n s  and runway s u r f a c e  m a t e r i a l s  a t  these 
a i r p o r t s  p rov ided  a compara t ive  base f o r  d e t e r m i n i n g  whether 
runway g roov ing  w a s  p r a c t i c a l  on the  hard s u r f a c i n g  materials 
commonly used  i n  t h i s  c o u n t r y .  (See table I ) .  



The o b j e c t i v e s  of t h e  s t u d y  were: irst, t o  o 
o p i n i o n s  on t h e  e f f e c t i v e n e s s  of runway g r o o v i n g  t 
p r o v i n g  b r a k i n g  a c t i o n ,  d i r e c t i o n a l  c o n t r o l ,  and  v i  
t h e  runway d e t a i l s  from t h e  approach d u r i n g  w e t  r u  
c o n d i t i o n s ;  s e c o n d ,  t o  o b t a i n  p i l o t  r e a c t i o n s  a s  t o  whether 
t h e y  c o n s i d e r  runway g r o o v i n g  a s a f e t y  c o n t r i b u t i o n  t o  t h e i r  
f l i g h t  o p e r a t i o n s ;  a n d ,  t h i r d ,  t o  f i n d  ou t  whether t h e y  recommend 
t h e  a p p l i c a t i o n  of g rooves  t o  a l l  runways.  S e v e r a l  a d d i t i o n a l  
areas r e l a t ed  t o  o p e r a t i n g  on t h e  g r o o v e s  - n o i s e  and  v i b r a t i o n ,  
t i r e  wear, and  a i r c r a f t  damage - were cove red ;  a l l  704 p i l o t s  
i n t e r v i e w e d  t h o u g h t  g r o o v i n g  had no d e t r i m e n t a l  effect  on a i r -  
craf t  o p e r a t i o n  i n  these areas. The i n t e r v i e w s  were conduc ted  
by a team of t w o  spec ia l i s t s  a t  each a i r p o r t  by  u s i n g  a prepared 
q u e s t i o n n a i r e .  The q u e s t i o n s  were of t h e  t y p e  t h a t  could be 
answered  w i t h  a s imple y e s  or no o r  a number. T h i s  approach 
p roved  t o  be an  asset t o  t h e  team i n  t h a t  t h e  desired s u r v e y  
da t a  c o u l d  be o b t a i n e d  w i t h  l i t t l e  inconven ience  t o  t h e  busy 
p i l o t s .  A copy of t h e  two-page q u e s t i o n n a i r e  is i n c l u d e d  as 
Table 11. Prior t o  embarking on t h e  i n t e r v i e w ,  campaign letters 
were s e n t  t o  each a i r p o r t  manager,  FAA area manager., and  each 
f ixed  base opera tor  a t  each of t h e  f o u r  a i r p o r t s  t o  s o l i c i t  t h e l r  
s u p p o r t .  T h i s  p roved  t o  be v e r y  h e l p f u l  and  c o n t r i b u t e d  g r e a t l y  
t o  t h e  success of t h e  e f f o r t .  

The program a t  t h e  a i r p o r t  c a l l e d  for t h e  team t o  v i s i t  
t h e  A i r p o r t  Manager 's  o f f i ce .  The purpose of t h e  s u r v e y  was 
e x p l a i n e d  i n  d e t a i l  and  i n  d i s c u s s i o n s  t h a t  followed w i t h  h i s  
s t a f f ,  t h e  t e c h n i c a l  and  h i s t o r i c a l  i n f o r m a t i o n  c o n c e r n i n g  t h e  
runway g r o o v i n g  a t  t h e  a i r p o r t  was ga thered .  The n e x t  s t e p  was 
t o  v i s i t  t h e  FAA tower c h i e f  and a r r a n g e  t o  i n t e r v i e w  as many 
c o n t r o l l e r s  a s  he  f e l t  c o u l d  p r o v i d e  u s e f u l  i n p u t s .  The FAA 
p e r s o n n e l  i n t e r v i e w s  i n v o l v e d  two q u e s t i o n s ,  t h e  so l e  purpose  
of which was t o  e s t a b l i s h  a d i f f e r e n t  source of i n f o r m a t i o n  on 
t h e  s u b j e c t  t o  r e i n f o r c e  t h e  f i n d i n g s .  The q u e s t i o n s  and t h e  
r e s u l t s  a r e  g i v e n  i n  Tables I I I  and  I V .  

The fixed-base,  corporate,  s u p p l e m e n t a l ,  and a i r - t a x i  
operators were each v i s i t e d  and  t h e i r  p i l o t s  i n t e r v i e w e d .  
Fixed-base operators were extremely c o o p e r a t i v e  i n  p r o v i d i n g  
t h e  team members w i t h  t h e  use of t h e i r  f ac i l i t i e s  for accom- 
p l i s h i n g  t h e  p i l o t  i n t e r v i e w s  e 

DISCUSSION 

During t h e  i n t e r v i e w  per iods t h e  i n i t i a l  a t t e n t i o n  was 

ts based a t  t h e  a i r p o r t .  The r a t i o n a l e  of t h i s  approach  
directed toward s e e k i n g  t h e  o p i n i o n s  and  r e a c t i o n s  of a l l  

mpar i son  could be real ized from a p i l o t  
e n t l y  from t h e  a i r p o r t  before and  a f t e r  
r o o v e s .  The p r o b a b i l i t y  of s u c h  a p i l o t  
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u s i n g  t h e  runway under  w e t  or s l u s h y  c o n d i t i o n s  was a l so  much 
greater t h a n  those of t h e  t r a n s i e n t .  T h i s  g r o u p  i n c l u d e d  loca l  
corporate,  cargo, charter, a i r - t a x i ,  commuter, f l i g h t  t r a i n i n g ,  
b u s i n e s s  and  p r i v a t e  p i l o t s .  (See F i g u r e  1, page 11.) I n  
between and  whenever a v a i l a b l e ,  t r a n s i e n t  p i l o t s  of a l l  g e n e r a l -  
a v i a t i o n  categories were i n t e r v i e w e d .  The i n t e r v i e w s  would be 
t e r m i n a t e d  i f  t h e  p i l o t  c o u l d  n o t  answer t h e  first two q u e s t i o n s  
i n  t h e  a f f i r m a t i v e .  T h i s  p r o c e d u r e  was adopted t o  o b t a i n  o n l y  
t h e  best i n f o r m a t i o n  from t h e  a v a i l a b l e  i n t e r v i e w s  r a the r  t h a n  
t h e  largest  t o t a l  number. T h i s  t h e o r y  was q u a l i f i e d  i n  sub- 
s e q u e n t  d i s c u s s i o n s  w i t h  p i l o t s  who c o u l d  n o t  s t a t e  t h e y  had 
knowingly e x p e r i e n c e d  h y d r o p l a n i n g  or poor b r a k i n g ,  a n d ,  i n  add- 
i t i o n ,  n e v e r  heard of runway g r o o v i n g .  About 50 p e r c e n t  of t h e  
p i l o t s  c o n t a c t e d  f e l l  i n  t h i s  ca tegory  w i t h  l i t t l e  or n o t h i n g  t o  
c o n t r i b u t e  t o  t h e  s u r v e y .  

J F K  I n t e r n a t i o n a l  A i r p o r t  p r e s e n t e d  a p e c u l i a r  problem i n  
o b t a i n i n g  a cross s e c t i o n  of g e n e r a l - a v i a t i o n  i n t e r v i e w s  as  w e l l  
as  t h e  pred ic ted  t o t a l  number. The i m p o s i t i o n  of an  u n u s u a l l y  
h i g h  l a n d i n g  fee base d i s c o u r a g e d  t h e  u s e  of J F K  by  a l l  e x c e p t  
s u p p l e m e n t a l  c a r r i e r s ,  a i r  t a x i s ,  and  some corporate  a c t i v i t i e s .  
The a i r - t a x i  and  commuter p i l o t s ,  a l though h i g h l y  experienced 
and  knowledgeable  on  runway g r o o v i n g ,  were u n a b l e  t o  p r o v i d e  
c o n v i n c i n g  i n f o r m a t i o n  a s  t o  its b e n e f i c i a l  effects  because  of 
t h e  equipment  t h e y  operated. L i g h t  twin-engine ,  s i n g l e - e n g i n e ,  
and  STOL a i r c r a f t  comprised t h e  t y p e  equipment  t h e y  operated.  
Brak ing  was n o t  u s u a l l y  r e q u i r e d  due  t o  l o n g  runway l e n g t h  and  
a i rcraf t  per formance .  O c c a s i o n a l l y  p i l o t s  reported t h a t  cross- 
wind c o n d i t i o n s  were more e a s i l y  coped w i t h  on t h e  grooved  
runway t h a n  on ungrooved runways,  and  some p i l o t s  reported more 
p o s i t i v e  b r a k i n g  a c t i o n  on t h e  g rooves  t h a n  t h a t  n o t i c e d  on t h e  
tax iway a f t e r  t u r n o f f .  A m a j o r i t y  of p i l o t s  repor ted  t h e y  had 
n o t i c e d  no  s i g n i f i c a n t  d i f f e r e n c e  i n  s e e i n g  t h e  runway markings  
f r o m  t h e  approach d u r i n g  w e t  c o n d i t i o n s .  T h i s  was n o t  a f a i r  
e v a l u a t i o n  a s  m o s t  p i l o t s  s t a t e d  t h e y  had n o t  p a i d  any  p a r t i c -  
u l a r  a t t e n t i o n  t o  comparing t h e  view w e t  or d r y .  

From t h e  s t a n d p o i n t  of a c t u a l  e x p e r i e n c e  and  b e i n g  able t o  
re la te  t h e  effect  of runway g r o o v i n g  d u r i n g  w e t  runway con- 
d i t i o n s ,  t h e  corporate j e t  p i l o t s  and  t h e  s u p p l e m e n t a l  a i r l i n e  
p i l o t s  p r o v i d e d  t h e  best i n f o r m a t i o n  a t  each s u r v e y  l o c a t i o n .  
There is no doubt i n  t h e  minds of these p i l o t s  t h a t  t h e  g roov ing  
of h a r d - s u r f a c e d  runways is a c o n t r i b u t i o n  t o  s a f e r  o p e r a t i o n s .  
(See Table V . )  T h e i r  r e a c t i o n s  t o  t h e  i n t e r v i e w  on t h e  sub jec t  
was s o  e n t h u s i a s t i c  t h a t  t h e y  would reci te  specif ic  i n s t a n c e s  
of a c c i d e n t  p r e v e n t i o n  a t t r i b u t e d  t o  g r o o v i n g .  

While t h e  team was on s i t e  a t  Kansas C i t y  d u r i n g  a heavy 
r a i n  a p i l o t  of a corporate j e t  was l a n d i n g  t o  t h e  s o u t h  and  
t h e  f irst  2000 feet  are  n o t  grooved .  H e  i n t e n t i o n a l l y  touched  
down on t h e  numbers and  checked h i s  brakes which were i n e f f e c t i v e .  
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Having no r e v e r s e  t h r u s t  he had j u s t  made u p  h i s  mind t o  a p p l y  
power and  head f o r  Mid-Continent I n t e r n a t i o n a l  A i rpo r t  when he  
h e a r d  t h e  hum of t h e  g r o o v e s .  ' H e  t r i ed  the  brakes and  t h e  
effect  was s h o c k i n g .  T h i s  p i l o t  t hough t  he  had p u l l e d  t h e  r u b b e r  
o f f  h i s  main t ires t h e  g r i p  was so s t r o n g .  However, a f t e r  h i s  
p a s s e n g e r s  d e p a r t e d  he  examined t h e  tires and t o  h i s  amazement 
t h e y  showed no e x c e s s i v e  wea r .  

A t  Chicago Midway i n  t w o  i n s t a n c e s  j e t  p i l o t s  e n t h u s i a s -  
t i c a l l y  d i s c u s s e d  how t h e y  escaped f r o m  a c e r t a i n  o v e r s h o o t  
a c c i d e n t .  They bo th  w e r e  f o r t u n a t e  enough t o  r u n  o n t o  t h e  g r o o v e s  
1000 feet  from t h e  f e n c e .  The b r a k i n g  a c t i o n  went f rom n o t h i n g  t o  
good so  q u i c k l y  t h a t  one p i l o t  s t a t e d ,  " I t  almost p u t  m e  t h rough  
t h e  windscreen . ' '  The runways a r e  n o t o r i o u s l y  s l i c k  a t  Midway 
d u r i n g  w e t  c o n d i t i o n s .  With two runways t o  groove  t h e  p rocedure  
was t o  work on t h e  runway t h a t  was i n a c t i v e  a t  t h e  t i m e .  Grooving 
began a t  both e n d s  working  towards  t h e  middle .  Consequen t ly ,  
t h e  p i l o t s '  dilemma and remarks were u n d e r s t a n d a b l e .  

I n  d i s c u s s i o n s  w i t h  a i r p o r t  managers and e n g i n e e r s  t h e  
s u b j e c t  of g r o o v i n g  macadam v e r s u s  c o n c r e t e  was ra ised.  JFK 
I n t e r n a t i o n a l  and Chicago-Midway A i r p o r t s  have  c o n c r e t e  runways.  
Washington N a t i o n a l  Ai rpor t  has  macadam runways.  Kansas C i t y  
Munic ipa l  A i r p o r t  h a s  a combina t ion  of bo th  c o n c r e t e  and  macadam. 
The c o n s e n s u s  of o p i n i o n  is t h a t  a t  t h i s  d a t e  there is n o t  much 
d i f f e r e n c e  between t h e  t w o  s u r f a c e  m a t e r i a l s  grooved so  f a r .  
Kansas  C i t y  h a s  c o n c r e t e  a b o u t  18 y e a r s  o ld  and macadam a b o u t  
f o u r  y e a r s  o l d .  The macadam had been t h o r o u g h l y  compacted and 
c u r e d  d u r i n g  t h e  f o u r  y e a r s  of u s e  and took t h e  g r o o v i n g  v e r y  
w e l l .  After 18 months which i n c l u d e d  one w i n t e r ,  t he  g r o o v i n g  
shows no d e t e r i o r a t i o n .  The c o n c r e t e  a l t h o u g h  s a t i s f a c t o r y  h a s  
shown some minor s p a l l i n g  and  c h i p p i n g .  

A t  Washington N a t i o n a l  A i r p o r t  t h e  macadam was a l s o  c u r e d  
w e l l  before g r o o v i n g  and is doing v e r y  w e l l .  I n  f a c t  a t  t h e  
touchdown zones  t h e  impact  of t h e  heavy je ts  had moved t h e  
s u r f a c e  of t h e  macadam so tha t  t h e  once  s t r a i g h t  c u t  g r o o v e s  a r e  
now wavy. However, t h i s  d i d  n o t  d e s t r o y  t h e  f u n c t i o n  of t h e  
groove  i n  any  way. The g r o o v e s  a p p e a r  t o  purge  themse lves  of 
d e b r i s  and  show l i t t l e  t endency  toward c l o g g i n g .  Q u e s t i o n s  were 
raised a b o u t  t he  effects t h a t  r e s e a l i n g  concrete j o i n t s  and 
p a t c h i n g  would have  on d r a i n a g e ,  and  t h e  recommended c u r e  t i m e  
of each m a t e r i a l  before g r o o v e s  s h o u l d  be c u t .  S i n c e  e x p e r i e n c e  
i n  these p a r a m e t e r s  is  q u i t e  new, t h e  answers  w e r e  based on  
s p e c u l a t i o n  w i t h  n o , s e r i o u s  problems p r e d i c t e d .  

The re  were no  c o m p l a i n t s  registered by p i l o t s  a g a i n s t  t he  
o p e r a t i o n a l  per formance  of t h e  g rooves ,  nor  were there any  
d e r o g a t o r y  comments on d e t r i m e n t a l  o p e r a t i o n a l  s i d e  effects  
f r o m  runway g roov ing .  I n  m o s t  i n t e r v i e w s  t h e  v i b r a t i o n  and 
accompanying n o i s e  was descr ibed  as  a l o w  l e v e l  buzz or hum, 
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which w a s  d i s c e r n a b l e ,  bu t  far from annoying.  T i r e  wear was 
reported a s  be ing  normal w i t h  no p e r c e p t i b l e  i n c r e a s e  i n  c u t s  or 
c r a c k s .  With t he  g roov ing  of more runways more l a n d i n g s  would 
be made on t h e  g rooves  and what  is now a n  a c c e p t a b l e  c i r cums tance  
c o u l d  deve lop  i n t o  a problem o f - e x c e s s i v e  t i r e  wear. The o p i n i o n  
of FSF is t h a t  t h e  t i r e  wear i n c r e a s e ,  i f  any ,  w i l l  s t i l l  be 
a c c e p t a b l e  and w i l l  be more t h a n  o f f s e t  by t h e  o p e r a t i o n a l  
bene f i t s . 

A t  Kansas  C i t y  Munic ipa l  A i r p o r t  there were c o m p l a i n t s  from 
a i r c r a f t  o p e r a t o r s  a g a i n s t  t h e  groove c u t t i n g  p rocedure .  I t  
seems t h a t  t h e  concrete d u s t  and c h i p s  w e r e  no t  removed from t h e  
runway and a r r i v i n g  and d e p a r t i n g  t r a f f i c  would raise c l o u d s  of 
d u s t  when d r y .  When w e t ,  d e b r i s  would form a s l u r r y  t h a t  would 
s p l a s h  i n t o  wheel and f l a p  assemblage c a u s i n g  removal  of l u b r i -  
c a n t s ,  and c l o g g i n g  of micro s w i t c h e s  and r e l a y s .  One a i r c r a f t  
i n  p a r t i c u l a r  on l a n d i n g  r o l l  passed  through a large puddle  of 
t h e  s l u r r y  and r e q u i r e d  c o n s i d e r a b l e  main tenance  t o  remove t h e  
g r i t  from c r i t i c a l  a r e a s .  

One of t h e  a n c i l l a r y  areas cove red  w i t h  t h e  c o n t r o l l e r s  w a s  
the s ize  of s p r a y  p a t t e r n s  g e n e r a t i n g  f r o m  t h e  t ires and r e v e r s e  
t h r u s t  d u r i n g  w e t  c o n d i t i o n s .  The purpose  was t o  s u b s t a n t i a t e  
f r o m  a n o t h e r  s o u r c e  how w e l l  t h e  grooves  d i d  or d i d  no t  d r a i n  
s t a n d i n g  w a t e r  f r o m  t h e  runway s u r f a c e .  I n  m o s t  i n s t a n c e s  t h e  
c o n t r o l l e r s  f e l t  there was some r e d u c t i o n  i n  t h e  amount of w a t e r  
s p r a y  s i n c e  t h e  g roov ing .  A t  J F K  t h e  c o n t r o l l e r  o p i n i o n  was 
unusua l  by r e a s o n  t h a t  t h e  extreme d i s t a n c e s  invo lved  made such  
o b s e r v a t i o n s  v i r t u a l l y  i m p o s s i b l e .  (See T a b l e  111.) 

The o ther  a r e a  cove red  was i n  runway t r a f f i c  management 
d u r i n g  w e t  s u r f a c e  c o n d i t i o n s .  The m a j o r i t y  of t h e  c o n t r o l l e r s  
d e f i n i t e l y  f e l t  t h a t  runway g r o o v i n g  a i d e d  m o s t  p i l o t s  i n  
c o n t r o l l i n g  t h e i r  a i r c r a f t ' s  l a n d i n g  roll w i t h  improved e f f e c t i v e -  
n e s s  and t h a t  t h e  t u r n o f f  p o i n t  f r o m  t h e  w e t  grooved runway i n  
m o s t  i n s t a n c e s  was i d e n t i c a l  t o  d r y  o p e r a t i o n s .  T h i s  d e f i n i t e l y  
improved runway t r a f f i c  management and i n c r e a s e d  t h e  accep tance  
r a t e  o v e r  t h e  o r i g i n a l  ungrooved s u r f a c e .  

CONCLUDING REMARKS 

The o p i n i o n s  and r e a c t i o n s  of t h e  g e n e r a l - a v i a t i o n  p i l o t s  
i n t e r v i e w e d  d u r i n g  t h e  s u r v e y  i n d i c a t e  a s t r o n g  s u p p o r t  i n  
f a v o r  of t h e  runway grooving  program a s  a method of improving 
a i r c r a f t  o p e r a t i o n s  on w e t  or s l u s h y  runways.  Although g roov ing  
t h e  l o n g  runways has l i t t l e  b e n e f i c i a l  effect f o r  t h e  l i g h t  
p l a n e  p i l o t ,  he is c o g n i z a n t  of t he  effect  grooves  would have 
on t h e  sho r t  narrow s t r i p s  which  he more f r e q u e n t l y  u s e s  and 
vo iced  h i s  recommendations t o  c o n s i d e r  g roov ing  those strips. 
There were no d e t r i m e n t a l  effects no ted  t o  any t y p e  or size 
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a i r c r a f t  o p e r a t i o n  o n  any  of t h e  f o u r  groove  d e s i g n s  now i n  oper -  
a t i o n .  Noise, v i b r a t i o n ,  or t i r e . w e a r  were n o t  f a c t o r s  for 
c o m p l a i n t .  The b e n e f i t s  d e r i v e d  from grooved runways e x t e n d  
beyond t h e  c o c k p i t  inasmuch a s  s h o r t e r  l a n d i n g  rolls and normal 
t u r n o f f s  on  w e t  runways i n c r e a s e d  runway a c c e p t a n c e  rates a t  a 
t i m e  when e x p e d i t i o u s  t r a f f i c  h a n d l i n g  is m o s t  needed.  (See 
Appendix A f o r  a comple t e  c o r r e l a t i o n  of answers  a g a i n s t  e a c h  
q u e s t i o n  used  i n  i n t e r v i e w s . )  

Runway g roov ing  s e r v e s  i t s  i n t e n d e d  pu rpose  w e l l  and de- 
s e r v e s  c o n s i d e r a t i o n  a s  a s t a n d a r d  s a f e t y  s p e c i f i c a t i o n  f o r  a l l  
h a r d - s u r f a c e d  runways.  
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TABLE I 

AIRPORTS 

WASHINGTON 
NATIONAL , J F K  MIDWAY KANSAS CITY 

Runway 18/36 4R/22L 31L/13R 18/36 
grooved 

D i  s t a nce 6870 8400 6 500 4000 (600 from 
grooved , 6 100 36 t h r e s h o l d  
f t .  or 2400 from 

18 t h r e s h o l d .  

Surf a c e  Macadam Concre te  Concre te  Concre te  and 
m a t e r i a l  Macadam 

Groove Rectangular  "V" groove Rec tangu la r  Rectangular  
d e s i g n  groove 3/817 x 1/8" groove groove 

l / W  x l / W  1" a p a r t  1/4" x 1/4" l /St t  x 1/4" 
1" a p a r t  1" a p a r t  1" a p a r t  



TABLE I1 

NASA GROOVED. ,RUNWAY .SURVEY 

GENERAL A V I  AT1 ON PI L0.T REAC.T.1 ON/OPINI ON QUE,STI.ONNA I RE 

- DATE / ,  / . 1968, 
Month Day Y e a r  

AIRPORT JFK MDY DCA MKC --- 
RUNWAY DATA 

ACT I V I  TY 

A I RCRAFT 

D i r e c t i o n  I ./ ~. . , Length F t .  

Date  Grooved ~ . /  , /  

Month Day Year 

Type Groove 

Di s t ance  Grooved 

Runway Surf a c e  Material  

Supplemental  C a r r i e r  P l e a s u r e  

Corpora te  A i r  Taxi /Charter  

Bus iness  Tr  a i n i  ng 

Othes  

Jet Tur bo-Prop P is ton  

Number of Engines:  4 3 2 1 ---- 
Landing Gear: T r i - cyc le  Convent i ona  1 

Reverse T h r u s t :  Y e s  N o  

Anti-Skid Brakes: Y e s  N o  

Nose Wheel S t e e r i n g :  Y e s  N o  



TABLE 11 - Concluded 

QPERATI ONS 

9 

1. 

2. 

3. 

4 .  

5. 

6. 

7 .  

8 .  

9. 

10. 

Have you e x p e r i e n c e d  hydrop lan ing  or poor b r a k i n g  on  a w e t  
or s l u s h y  runway? 

Y e s  N o  W e t  S lushy  N o  of t i m e s  

Have you h e a r d  of Runway Grooving? Y e s  N o  

Are you aware t h a t  runway /, is grooved? Y e s  N o  

How d i d  you acquire t h a t  i n fo rma t ion?  

Tower Advisory F e l t  V i  b ra  t i o n  Saw 

Grooves Noise Q t h e r  

Have you l anded  on runway / p r i o r  to  / / 

How many t i m e s  Wet - Da Y 

Have you l anded  on runway / s i n c e  i t  was grooved? 

I f  yes ,  how many t i m e s ?  Under what c o n d i t i o n s ?  

W e t  S lushy  D r y  

Have you l anded  on o ther  grooved runways? Y e s  N o  

Did you n o t i c e  any improvement l a n d i n g  on a grooved runway i n :  

Braking  A c ' t  i on?  Y e s  No, W e t  D r  Y 

Crosswind D i r e c t i o n a l  C o n t r o l ?  Y e s  NO- Wet - Dr Y- 

Reducing Landing/Takeoff R o l l ?  Y e s  N o  Wet Dr Y,, 

V i s i b i l i t y  During Reverse T h r u s t ?  Y e s  N o  

S e e i n g  t h e  Runway During Approaches? 

Day/VPR Y e s  _I- N o  Day/IFR Y e s  - -  N o  

Nigh t  VFR Y e s  N o  Night/IFR Y e s  N o  - -  - -  
I n  your  o p i n i o n ,  d o  you t h i n k  Runway Grooving h e l p s  you t o  
o p e r a t e  your a i r c r a f t  m o r e ' s a f e l y ?  

Y e s  \ N o  

Do you recommend g roov ing  for a l l  runways? Y e s  NO 

A. B. 

, 



TABLE I11 

WATER SPRAY OBSERVATIONS 

Quest ion:  D o  you n o t i c e  any r e d u c t i o n  i n  t h e  s ize  s p r a y  p a t t e r n s  
of a i r c r a f t  o p e r a t i n g  on grooved runways ve r sus  those  
n o t  grooved? 

WASHINGTON KANSAS 
, , ,NATIONAL .JFK MIDWAY C I T Y  

F A A  a i r p o r t  
t raff ic  con- 
t r o l l e r s  

N o  change 2 (a> 2 
L e s s  8 (a> 3 

0 
10 

P i l o t  v i s i b i l i t y  N o  n o t i c e a b l e  effect  

(a> The d i s t a n c e s  between t h e  c o n t r o l  tower and t h e  grooved run- 
way were cons ide red  t o o  f a r  t o  permi t  o b s e r v a t i o n s  of sp ray  
w i t h i n  r easonab le  accu racy .  

TABLE I V  

RUNWAY TRAFFIC MANAGEMENT 

Q u e s t i o n :  D o  you n o t i c e  any s i g n i f i c a n t  improvement i n  runway 
t r a f f i c  management du r ing  adve r se  c o n d i t i o n s  on 
grooved runways? 

WASH1 NGTON KANSAS 
, , NATIONAL J F K  MIDWAY C I T Y  

F A A  a i r p o r t  
t ra f f ic  con- 
t r o l l e r  s 

N o  change 1 2 2 0 
Less  9 9 3 10 

10 



TABLE V 

REDUCED HYDROPLANING AND IMPROVED BRAKING 

b 

* E n 
5 .=z 

Y r;S NO 
PILOT ACT1,VIT.Y NTJMBE,R PERCENT NUMBER PERCENT 

PRIVATE 

SUPPLEMENTAL 

SUPPLEMENTAL 23 3.3 5 0.7 

CORPORATE 235 33.4 60 8.5 

AIR TAXI 113 16 51 7.2 

BUS1 NESS 37 5.3 65 9.2 

PRIVATE 

TRAINING 

29 4.1 35 5 

5 .7 18 2.6 

OTHER 19 2.7 9 1.3 

TOTAL 46 1 65.5 243 34.5 

PILOT ACTIVITY INVOLVED 

Figure 1. 
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APPENDIX A 

CORRELATION OF ANSWERS FROM QUESTIONNAIRE 
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PART I ,  PILOT Q.UESTIONNAIRES 

0 m: 
at 
8’ 

0 -ti 
Z H  

Question #1 

Several 120 
45 Many 

Have you experienced hydroplaning or poor braking on a 
wet .or slushy runway? 

Yes N o -  Wet - Slushy:, , No of times 

NUMBER OF PILOTS 

PI.STON , , TUR,BO-PROP, , ,JET , .T,OTAL 

YES 36 1 93 177 631 

NO 72 

WET 3 59 

-- 
93 

1 73 

177 625 

SLUSHY 151 55 98 304 

34 
42 
17 

57 287 
95 257 
25 87 
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Q u e s t i o n s  # 2 and 3 

H a v e  you heard of R u n w a y  G r o o v i n g ?  Y e s , ,  , , , , No- 

A r e  you a w a r e  t h a t  r u n w a y  ,/ is grooved? Y e s  N o  
__I-  

NUMBER OF P I L O T S  

P1,STON . . , TURBO.-PROP . , ,JET TOTAL 

Q u e s t i o n  YES 4 06 91 
TWO NO 27 2 

TOTAL 433 93 

1.77 6 74 
1 30 

178 704 

Q u e s t i o n  YES 3 36 
T h r e e  NO 97 

TOTAL 433 

67 
26 
93 

138 541 
40 163 
178 704 
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Q u e s t i o n  #4 

How d i d  you acquire t h a t  i n fo rma t ion?  

Tower Advisory  Fe l t  V i b r a t i o n  Saw 

G r o o v e s  N o i s e  , , O t h e r  

NUMBER OF P I L O T S  

, . PISTON , , , TURBO.-PR,OP J E T  TOTAL 

TOWER ADVISORY 23 7 
OBSERVATION 206 47 
CONVERSATION 34 9 
PUBLICATIONS 188 55 
OTHER 48 11 

TOTAL* 499 129 

20 50 
77 330 
8 51 

104 347 
23 82 
232 86 0 

*A p i l o t  niay acquire i n f o r m a t i o n  f r o m  m o r e  than one source. 



Question #5 

Have you landed on runway . , ,- ,/ prior to , ,  /. / 

How many times Wet D r  Y 

NUMBER OF PILOTS 

RUNWAY DCA. , , , MDY , MKC JFK TOTAL 

YES 
NO 
FEW 
SEVERAL 
MANY 
WET 
DRY 

182 199 157 9 629 
10 8 39 18 75 
19 24 16 6 65 
51 25 64 36 176 
112 150 77 49 388 
154 17 1 14 1 85 551 
172 183 151 90 596 



Q u e s t i o n  #6 

w 
0 u)~ 

a 
. E  
0 . I4  

Z E  

Have you l anded  on runway , .  / 
, 

s i n c e  i t  was grooved?  

FEW 10 2 31 78 211 
SEVERAL 16  1 44 6 2  26 7 
MANY 154 17 37 208 

I f  yes ,  how many t i m e s ?  Under what c o n d i t i o n s ?  

Dry W e t  S lushy  

3 , O  
El’ 

m -I4 

s a  
E d  
0 u 

z: 

NUMBER OF PILOTS 

WET 2 96 66 146 508 
SLUSHY 6 1  15 5 81 

PI STON TURBO-PROP, JET TOTAL 

YES 
NO 

417 92 177 6 86 
1 6  1 1 18 
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Q u e s t i o n  #7 

Have you landed on o t h e r  grooved runways? Y e s  , , No 

Under what c o n d i t i o n s ?  W e t  , Dry  Slushy  

I f  y e s ,  where? . , No.of t i m e s  

NUMBER OF PILOTS 

PI STON I TURBO-PROP,, . , JET TOTAL 

NO 
YES 
WET 
DRY 
SLUSHY 
JFK 
MDY 
DCA 
MKC 
FEW 
SEVERAL 
MANY 

3 56 
77 
53 
6 1  

4 
1 9  
20 
37 
1 2  
32 
23 
20 

49 
44 
25 
40 

17  
20 
20 

7 
21 
21  

2 

75 
103 

72 
93 
4 
30 
4 1  
54 

7 
45 
45 
10 

4 80 
2 24 
150 
194 

8 
66 
81 

111 
26 
98 
89 
32 
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Q u e s t i o n  #8 

P a r t  1. Did you n o t i c e  a n y  improvement l and ing  on a 
grooved runway i n :  

Braking Act ion? Y e s  NO W e t ,  S lushy 
L _ -  

P a r t  2. Crosswind D i r e c t i o n a l  Con t ro l ?  Y e s  No W e t  Dry- 
_II- - 

P a r t  3. Reducing Landing/Takeoff Ro l l ?  Y e s  - -  N o  Wet - Dry- 

Part 4.  V i s i b i l i t y  During Reverse Thrus t ?  Y e s  NO 

P a r t  5 .  See ing  t h e  Runway During Approaches? 

NUMBER OF PILOTS 

JET, TOTAL , , P,ISTON TURBO-PROP 

PART 1* 
YES 239 69 
WET 80 1 5  
DRY 32 6 
NO 194 24 

PART 2 
YES 130 
WET 40 
DRY 1 7  
NO 249 
NOT SURE 54 

47 
10 
3 

39 
7 

153 46 1 
59 154 
16 54 
25 243 

108 285 
52 102 
14 34 
54 342 
16 77 

PART 3 
YES 149 47 119 315 
WET 53 10 52 115 

.NO 218 33 34 285 
NOT SURE 66 13 25  104 

DRY 24 3 17  44 
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Q u e s t i o n  #8 ( C o n t i n u e d )  

NUMBER OF P I L O T S  

PI STON . TJJRB.O,-PROP , , . , ,JET , , TOTAL 

PART 4 
YES 2 22 32 56 
NO 48 19 61 128 
NOT SURE 383 52 85 520 

PART 5* 
DAY/YES 109 31 77 2 17 
VFR/NO 3 24 62 101 487 

PART 6* 
DAY/YES 85 
IFR/NO 348 

PART 7* 
NIGHT/YES 58 
VFR/NO 375 

PART 8* 
N I  GHT/YE S , 33 
I FR/NO 400 

30 76 191 
63 102 513 

29 
64 

27 
66 

69 156 
109 548 

68 12 8 
110 576 

*The answer " N o t  S u r e / N o  Comment ' '  was considered n e g a t i v e .  
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Q u e s t i o n  #9 

In  your opin ion ,  do you- th ink  Runway Grooving h e l p s  you 
t o  ope ra t e  your a i r c r a f t  more s a f e l y ?  

Yes N o  

NTJMBER OF PILOTS 

P,I STON TURBO- PROP J E T  TOTAL 

YES 374 
NO 37 
NOT SURE 22 
TOTAL 433 

90 
1 
2 
93 

164 628 
2 40 
12 36 
178 704 
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Question #10 

Do you recommend grooving fo r  a l l  runways? Y e s  . ,  No 

NUMBER OF P I L O T S  

,PISTON , TURBO-PROP , ,JET, TOTAL 

YES 3 86 
NO 22 
NO OPINION 25 
TOTAL 433 

89 

4 
93 

-- 171 6 46 
1 23 
6 35 

178 704 
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BASIC QUESTIONNAIRE DATA 

PART 11, TOWER PERSONN+ QUEST1,ONNAIRE 

Q u e s t i o n  #1 

Do you n o t i c e  a n y  r e d u c t i o n  i n  t h e  size s p r a y  p a t t e r n s  
of a i r c ra f t  ope ra t ing  o n  grooved runways v e r s u s  t h o s e  
n o t  grooved? 

Y e s  N o  , , 

D e s c r i b e :  C o n s i d e r a b l e  

Some 

L i t t l e  

AIRPORT CONTROL TOWER SPECIALIST 

D.C. CHICAGO NEW YORK 
A I RPORT KANSAS NATIONAL MIDWAY KENNEDY TOTAL PERCENT* 

YES 10 8 3 0 21  58.3 
NO 0 2 2 11 15 41.7 
CONSIDERABLE 9 2 3 0 14 38.9 
SOME 1 2 0 0 3 8.3 
LITTLE 0 4 0 0 4 11.1 
NONE 0 2 2 11 15 41.7 

*Of to ta l  tower personnel (36) i n t e r v i e w e d .  
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Q u e s t i o n  #2 

Do you n o t i c e  any s i g n i f i c a n t  improvement i n  runway 
t r a f f i c  management d u r i n g  a d v e r s e  c o n d i t i o n s  on  
grooved runways? 

Y e s  , . ,  NO 

Desc r ibe  : Cons ide rab le  . , , . , 

Some 

L i t t l e  

AIRPORT CONTROL TOWER SPECIALIST 

D.C. CHICAGO NEW PORK 
A I RPORT KANSAS NATIONAL . MIDWAY, KENNEDY TOTAL PERCENT* 

YES 10 9 3 2 24 66.7  
NO 0 1 2 9 12 33.3 
CONSIDERABLE 7 6 2 0 15 41.7 
SOME 3 1 1 2 7 19.4  
LITTLE 0 2 0 0 2 5.6 
NONE 0 1 2 9 12 33.3 

*Of t o t a l  tower p e r s o n n e l  (36) i n t e r v i e w e d .  

26 ' NASA-Langley, 1969 - 2 CR-1428 




